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79
Searchlight Trapping and Field Observation
80
The searchlight trapping studies were carried out each year from April to October 105,000 lm, a color temperature of 4,000 K, and a color rendering index of 65.
90
The searchlight trap was turned on at sunset and turned off at sunrise on all nights 91 from April to October (Zhai, 2004) . Incomplete data sets caused by power cuts or 92 heavy rains were excluded from the analysis, while those nights in which the light 93 trapping was carried out normally but no H. viriplaca was captured were given a 'zero' 1-5 was estimated according to the criteria described in Table 1 . These data were used 110 to generate an average monthly level of ovarian development (i.e., the sum of 111 individual levels of ovarian development divided by the number of females dissected).
112
Females with ovarian development level 1-2 were regarded as "sexually immature 
Data Analysis
122
Dates of trap catches reported in this paper indicate the period from sunset of that 123 day to sunrise of the next day. Differences in the number of H. viriplaca captured in 124 the searchlight trap, the monthly mean proportion of females, mated females, and sexually mature females (the proportion data were arcsine square root transformed),
126
were analyzed by using generalized linear mixed models (GLMMS), with month as
Results
141
Annual and Seasonal Pattern of Migration
142
During the study period of 2003-2014, no H. viriplaca larvae were found on BH 143 by field investigations although some graminaceous weeds were available as potential 144 wild host plants. However, H. viriplaca moths were regularly captured in the 145 searchlight trap, which strongly suggests that these moths immigrate from the 146 mainland rather than emerging locally, and that they migrated at least 40-60 km (and 147 probably much greater distances) to reach the trapping site across the Bohai Strait.
148
The strength of this over-sea migration did not differ significantly across years (F11, early summer (May to July), southerly winds (ESE to WSW, 65.4 ± 1.6%) were the 161 prevailing airstream over the Bohai Strait (Fig. 4) , and the mean proportion of H. 162 viriplaca trapped in this period was 39.83 ± 7.48%. In contrast, throughout the late 163 summer and the autumn (August to October), northerly winds (WNW to ENE, 51.0 ± 164 2.2%) became the prevailing airstream (Fig. 4) , and the mean proportion of H. 165 viriplaca trapped in this period reached to 60.2 ± 7.5%.
166
The mean period when over-sea migration was detectable on the island was 116.5 (Table 4) . ), R 2 = 0.94, n = 5, F = 33.02, p = 0.03) (Fig. 5D ). The 193 majority (65.1 ± 6.7%) of the mated females had mated once, about a third (33.5 ± 194 6.6%) had mated twice, only a small proportion (1.4 ± 0.8%) had mated three times, 195 and no individuals mated more than this (Fig. 6 ).
196
In May and June, the vast majority of the trapped H. viriplaca females were 197 sexually mature individuals (May: 77.4 ± 7.5%, t = 2.52, df = 6, p = 0.04; June: 85.8 ± (Fig. 5F ). that the results of this study will be applicable to a wide range of migrants.
255
The monthly mean proportion of mated females and that of sexually mature confirmed. These findings will contribute to a better understanding of the occurrence 278 of this species in northern China, and also to make managing this pest more efficient.
279
However, further study is needed to characterize the population dynamics of H. The ovary has atrophied and contains no eggs 
